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CROSS-UNKED ESTERS OF HYALURONIC ACID 


The invention concerns esters of polyhydric alcohols of hyaluronic acid resulting from the esterification 
of such alcohols with two or more carboxy groups of the hyaluronic acid polysaccharide, esters which, due 
to the presence of bridge bonds between the above carboxy functions of the same or different molecules of 
hyaluronic acid, may be described by the term "cross-linked*. These cross-linked esters may be total or 
5 partial and, in the latter, further carboxy functions may be esterified with monohydric or polyhydric alcohols, 
without the formation of cross-links (ester groups which shall also hereinafter be termed "simple"). In both 
types of cross-linked partial esters, non-esterified carboxy functions may be free or salified with metals or 
organic bases. 

The invention also concerns the use of new cross-linked hyaluronic esters in the field of biodegradable 
to plastic materials for the preparation of sanitary and surgical articles, in the pharmaceutical and cosmetic 
fields and. therefore, includes the various articles made with the same in such fields. 

The specific use of the new esters may be seen in relation to the degree of cross-link esterification. that 
is the number of cross-linked groups of carboxy functions esterified with the above polyhydric alcohols, the 
number of simple esterified groups, and, lastly, also the number of salified groups, this degree of 
73 esterification or salification being itself related to the solubility of the product and to its viscous-elastic 
properties. Thus, for example, the total cross-linked esters are virtually insoluble in aqueous liquids and are 
very suitable, due to their molecular structure, for use in the making of plastic materials and resins and as 
additives for these materials. Esters with an average or low degree of esterification and their salts with 
inorganic or organic bases are more or less soluble in aqueous conditions and are suitable for the 
20 preparation of gels which may have many uses, both in cosmetics and pharmacology and in the medical- 
sanitary field in general. 

The application for European patent No. 0 161887 of 3.5.85, published on 21. 11. 85. contains a 
description of some cross-linked derivatives of hyaluronic acid obtained by the reaction of epoxy com- 
pounds indicated as "polyfunctional*. In the above patent publication, the term "polyfunctional epoxy 

25 compounds" means hydrocarbons with at least one epoxy function and possibly having also convertible 
functions in epoxy functions, the cross-linking reaction occurring through the epoxy groups. Of these 
functions, only the halogens are mentioned in the patent. Of these polyfunctional epoxy compounds only a 
few examples are mentioned in the above patent application, namely: epichlorohydrin, epibromohydhn, 
methylepichlorohydrin, methylepibromohydrin. 1,2-bis (2.3-epoxypropoxy)-ethane. 1,4-bis (2,3-epox- 

30 ypropoxy)-butane, 1,6-bis (2,3-epoxypropoxyhbutane, 1,6-bis (2,3-epoxypropoxy)-hexane and a glycidyl 
ether of bisphenol A and bisphenol F. The preparation method used in this patent application, which is 
limited in the claims to the use of a halomethyloxyrane or a bisepoxy-compound, as well as being limited in 
its possible applications, gives cross-linked esters of hyaluronic acid with a low degree of esterification: in 
fact, as can be seen from the illustrative Examples of the patent application, a maximum of 4% esterification 

35 is reached in the case of reaction with epichlorohydrin (Example 4) to obtain a product with a low degree of 
solubility. 

The present invention makes available a wide assortment of cross-linked esters, including particular 
esters wherein the ester groups, comprise radicals which are unsubstituted by a hydroxyl (as in the case of 
products resulting from the reaction of the above epoxides on hyaluronic acid or its salts). Importantly the 

40 invention provides mixed esters comprising a mixture of ester groups which are cross-linked and some 
ester groups which are not cross-linked, wherein the percentage of crossiinking groups may exceed 10% of 
ail of the disaccharide units of hyaluronic acid. 

The applications for UK patent No. 2 151 244 A of 13.8.1984, published on 17.7.1985, and the 
application for German Offenlegungsschrift 34 34 082 Al of 17.9.1984, published on 11.7.1985, contain 

45 descriptions of some cross-linked derivatives of hyaluronic acid obtainable by the action on the same of 
formaldehyde, dimethyfolurea, dimethylolethylenurea, a polyaziridine. a polyisocyanate and a divinylsulfone. 
Such derivatives are insoluble and are proposed, due to their biocompatibility, for in vivo applications in the 
form of various prosthetic articles, such as cardiac valves, vascular clips, etc., dr may be added to the 
various polymeric materials used to make such articles. The same patents provide for the use of ethyl oxide 

so as an agent to achieve "cross-linking", but the procedure is not illustrated, and neither is the type of 
product obtained. The structure of other cross-linked derivatives is not specified and no mention is made of 
the type of bonds forming the cross-linking. In the case of formaldehyde and of the above substituted ureas, 
this could mean derivatives involving the carboxy groups of hyaluronic acid with a semiacetalic structure, 
while in other cases it could mean alkylated products of hydroxyls. 
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have the particular desired form: first a solution of the HY ester is prepared in an organic solvent, the very 
viscous solution is than shaped into the form desired for the finished article and lastly the organic solvent is 
extracted with another soivent which mixes with the first but in which the HY ester is insoluble. These 
advantages are also to be found, possibly to an even greater degree, in the cross-linked compounds of the 
s present invention. 

The cross-linked esters of the present invention may derive from any potyhydric alcohol of an aliphatic 
nature, and these derive however preferably from potyhydric alcohols with a maximum of 8 alcohol 
functions and especially 4 such functions and a maximum of 16 carbon atoms. The term "polyhydric", 
strictly speaking, generally refers to alcohols having three or more hydroxy groups, while the terms 

10 "dihydric" or "glycol* generally refer to alcohols having two hydroxy groups. However, as used herein the 
term "polyhydric" is meant to encompass alcohols having two or more hydroxy groups. Thus, the 
"polyhydric* alcohols may be dihydric alcohols, trihydric. tetrahydric. penta and hexahydhc alcohols. Of 
these, special mention should be given to glycerine, the three erythrite isomers, pentaerythrite. the four 
xylitol isomers and the 10 dulcitol isomers. 

rs in the new esters the "cross-links" may derive from various of the above polyhydric alcohols, however it 
is preferable to prepare esters in which all the "cross-links" derive from the same polyhydric alcohol. 

The most important class of the new esters is the one deriving from dihydric alcohols, that is, from 
glycols. Such glycols have preferably the aforesaid maximum of 16 carbon atoms, and above all a 
maximum of 8 carbon atoms and are especially ethyleneglycol, propyleneglycol, butyleneglycol. the glycols 

20 deriving from pentane, hexane. heptane, octane and their position isomers. Such glycols may however also 
have double bonds, for example between one and three double bonds. 

The simple ester groups, which may be present in addition to the cross-linked groups, may derive from 
alcohols of the aliphatic. araliphatic. af icy die or heterocyclic series and may be substituted or unsubstituted. 
saturated or unsaturated. Alcohols of the aliphatic series are for example those with a maximum of 34 

25 carbon atoms, which may be saturated or unsaturated and which may possibly also be substituted by other 
free functional or functionally modified groups, such as amino, hydroxy, aldehyde keto, mercapto, carboxy 
groups or by groups deriving from these, such as hydrocarbyf or dihydrocarbylamino groups (here and 
hereafter the term "hydrocarbyl" should be taken to mean not only monovalent radicals of hydrocarbons 
e.g. of the -C„H an -„, type, but also bivalent or trivalent radicals, such as "alkylenes" -C 0 H a#r or "alkylidenes" 

30 > C „H 2n ), ether or ester groups, acetai or ketal groups, thioether or thioester groups and esterified carboxy 
groups or carbamidic groups and substituted carbamidic groups by one or two hydrocarbyl groups, by 
nitrite groups or by halogens. Of the substituted alcohols it is preferable to choose those with one or two of 
the abovesaid functions. 

Of the aforesaid groups containing hydrocarbyts. these are preferably lower aliphatic radicals, for 

35 example alkyts, with a maximum of 6 carbon atoms. Such alcohols may then also be interrupted in the 
carbon atom chain by hereroatoms. such as oxygen atoms, nitrogen, sulfur. Alcohols of the above group to 
be used preferentially in the limits of the present invention are those with a maximum of 12 and especially 6 
carbon atoms, and those, of the substituted ones, in which the hydrocarbyl radicals in the above said 
amino, ether, ester, thioether. thioester, acetai. ketal groups represent alkyl groups with a maximum of 4 

40 carbon atoms, and in which in the esterified carboxy groups too. or substituted carbamidic groups, the 
hydrocarbyl groups are alkyls with the same number of carbon atoms, and in which the amino or 
carbamidic groups may be aikyieneamme or alkylene-carbamidic groups with a maximum of 8 carbon 
atoms. Of these alcohols, first and 'foremost should be mentioned those which are saturated and unsub- 
stituted such as for example methyl, ethyl, propyl, isopropyt alcohols, n-butyl, isobutyi. ten-butyl alcohol. 

45 amyl alcohols, pentyl, hexyL octyl. nonyl and dodecyl alcohols and above all those with a linear chain, such 
as n -octyl and n -dodecyl alcohols. 

Of the substituted alcohols, preferred are the already mentioned glycols, otherwise used for the 
formation of "cross-links", but also polyhydric alcohols, such as glycerine, the aldehyde alcohols such as 
tartronic alcohol, carboxy alcohols such as lactic acids, for example a-oxy propionic acid, glycolic acid, malic 

so acid, tartaric acids, citric acid, aminoaicohols. such as aminoethanol. aminopropanol, n-aminobutanol and 
their dimethyl and diethyl derivatives in the amino function, choline, pyrrotidinylethanol. piperidinytethanoi. 
piperazinyl-ethanol and the corresponding derivatives of n-propyl alcohol or n-butyi alcohol, mon- 
othioethylenglycot or its alkyl derivatives, for example the ethyl derivative in the mercapto function. Of the 
saturated higher aliphatic alcohols, preferred are for example cety! alcohol and myricyl alcohol, but of 

55 special importance for the aims of the present invention are the higher unsaturated alcohols with one or two 
double bonds, such as especially those contained in many essential oils and having an affinity with 
terpenes, such as for example citronellol, gerantol, nerol, nerolidol, itnalool. famesol and phytol. Of the 
unsaturated lower alcohols, ally I alcohol and propargyl alcohol are useful. 
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in the derivatives described here, deriving from pharmacologically active alcohols, the cross-linked 
hyaluronic molecule acts basically as a vehicle for the pharmacologically active component, and they may 
therefore also be included in groups 2) or 3). Since the new cross-linked derivatives act as actual vehicles 
according to uses 2) and 3), they are preferably also derived from the above said therapeutically inactive 

s polyhydric alcohols, and atso possibly ester groups deriving from monohydric alcohols are preferably 
without any pharmacologic^ action. The active substance is physically mixed with the new derivatives and 
the resulting medicaments may also contain other ingredients and excipients commonly used in conven- 
tional pharmaceutical preparations. In place of an active substance it is possible to have an association of 
active substances. Particularly interesting are medicaments of this kind in which the new hyaluronic 

to derivatives act as vehicle and containing topically active substances. 

The pharmacologically active alcohols to be used for the esterification of carboxy groups not yet cross- 
linked in the new derivatives, may be, apart from those already listed, aiiphatic-cycloaliphatic polycyclic 
alcohols, such as for example steroids, such as sexual hormones and their synthetic analogues and 
particularly corticosteroids and their derivatives, such as for example estradiol and its methyl derivatives. 

rs ethinyl or propinyl derivatives in position 17, testosterone and its derivatives, such as 17-a-methyl- 
testosterone, 17-o-ethinyl-testosterone, ri,2-dehydro-testosterone. nor-gestrel. 1 9-nor-testosterone, 10-nor- 
17-o-methyRestQSterone, anti-hormones such as cyproterone, cortisone, hydrocortisone, dexamethasone. 
betamethasone, paramethasone, flumethasone. fluocinolone, clobetasol, beciomethasone, alfaxolone. 
bolasterone. Other therapeutically active alcohols are for example vitamins, such as axerophthol, vitamins 0? 

20 and Oz, aneurtne, lactoflavine, ascorbic acid, riboftavine. thiamine and pantothenic acid. Of the heterocyclic 
alcohols we also mention atropine, scopolamine, cinchonine. cinchonidine. quinine, morphine, codeine, 
nalorphine, N-butylscopolammonium bromide, ajmaiine; phenyiethylamine such as ephedrine, isoproterenol, 
epinephrine, phenothiazine drugs such as perphenazine, pipotiazine, carphenazine. homofenazine. ac- 
etophenazine, fluphenazme. N-hydroxyethy (promethazine chloride; thioxanthene drugs such as flupentixol 

25 and clopenthixol; anticonvulsants such as meprophendiol; antipsychotics such as opipramol; anti-emetics 
such as oxypendyl; analgesics such as carbetidtne and phenoperidine and methadot; hypnotics such as 
etodroxizine; anorexics such as benzhydrol and diphemethoxidine; minor tranquilizers such as hydroxizine; 
muscle relaxants such as cinnamedrine. diphylline. mephenesin. methocarbamol, chlorphenesin, 2,2- 
diethytl.3-propandtol, guaiphenesin, hydroctlamtde; coronary vasodilators such as dipyridamole and ox- 

30 yfedrine; adrenergic blockers such as propanolol. timolol, pindolol, bupranolol. atenolol, metoprolol. prac- 
tolol; anti-neoplasties such as 6-azauridine. cytarabine, floxuridine; antibiotics such as chloramphenicol, 
thiamphenicol. erythromycin, oleandomycin, lincomycin; antivirats such as idoxuridine; peripheral vasodila- 
tors such as isontcotinyi alcohol; carbonic anhydrase inhibitors such as sulocarbilate; anti-asthmatics and 
antiinflammatories such as tiaramide; sulphamidics such as 2-p-sulphanylanilinoethanol. 

35 The new cross-linked derivatives described here may of course be used in the same cases as the free 
alcohols. 

One particularly interesting aspect of the present invention is the possibility of preparing more stable 
drugs than those available up tilt now. It is possible therefore on the one hand to prepare cross-linked 
derivatives for use in the indications which are typical of hyaluronic acid itself, for example for intra- articular 

40 injections where the cross-linked derivative acts as lubricant: due to the better stability of the derivatives 
when the hyaluronidase is compared to the free acid, it is possible to obtain a quite notably prolonged 
action. On the other hand it is possible to obtain drugs with a "retard" action for the above derivatives 
containing also ester groups deriving from therapeutically active alcohols, in these the pharmacologically 
active alcohol is very slowly released into the organism by means of esterases. For use according to the 

45 above point 4). the new cross-linked derivatives are prepared above all with pharmacologically inert 
alcohols, for example bivalent saturated aliphatic alcohols, especially those with between 2 and 8 carbon 
atoms, glycerin and from monovalent alcohols, above all aliphatic alcohols, but also some others of the 
abovesaid series for partial esterification in the carboxy groups which are not cross-linked. Of this last 
group, particularly interesting are the unsaturated alcohols, for example those with one or more double 

so bonds such as vinyl or allyl alcohols and their condensed derivatives, such as especially polyvinyl alcohol 
and glycerin. In this case too it is possible to use mixed esters, according to the particular intended use. 
Alicyclic alcohols are also useful, for example derived from cyclopentane and cyclohexane and from their 
derivatives substituted by inferior alky I groups, for example alky Is with between 1 and 4 carbon atoms, 
especially by methyl groups. 
. 55 For cosmetic use it is preferable to use cross-linked derivatives with esterified groups substantially 
identical to those listed above for the use of sanitary, medical and surgical articles. Also to be considered 
are terpene alcohols, such as those mentioned above, especially odoriferous alcohols for the preparation of 
perfumes and scented creams. 
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effective antibiotics or suiphamidics in the lachrymal secretion. This fact is fairly understandable in the case 
of solutions, considering the predominantly inclined position of the head in the abovesaid animals, but it is 
also true of semisolid medicaments, since the excipients commonly used in the same do not have the 
necessary qualities to adhere to the surface of the cornea. This is because they do not usually have a 
5 sufficiently high concentration of active substance and cannot obtain perfect distribution of the same 
(presence of a distribution gradient). These drawbacks to conventional coiliriums for ophthalmics have for 
example been described by Slatter et al. in "Austr.vet.J..'' 1982. 59 (3). pp. 69-72. With the esters of the 
present invention these difficulties can be overcome. Indeed, the presence of the hyaluronic ester as a 
vehicle in ophthalmic drugs allows for the formulation of excellent preparations with no concentration 
io gradient of active substance and being therefore perfectly homogenous, transparent and adhesive to the 
corneal epithelium, with no sensitization effects and with the active substance acting as an excellent vehicle, 
possibly also with a retard effect. Medicaments containing the new derivatives which may be used in 
ophthalmic treatments mainly concern miotic, wound healing, anti-inflammatory and anti-microbial/antibtotic 
effects. Some examples of antibiotic substances are: basic and nonbasic antibiotics, for example 
?5 aminogtucosidics, macrolidics. tetracycline and peptides, such as for example gentamycin, neomycin, 
streptomycin, dihydrostreptomycin, kanamycin, amikacin, tobramycin, spectinomycin. erythromycin, olean- 
domycin; carbomycin, spiramycin, oxytetracycline. rolitetracycline, bacitracin, polymyxin B, gramicidin, 
colistin, chloramphenicol, lincomycin, vancomycin, novobiocin, ristocetin, clindamycin, amphotericin B, 
griseofulvin. nystatin and possibly their salts, such* as sulphates or nitrates, or associations of the same 

20 either among themselves or with other active principles, such as for example those mentioned below. 

Other ophthalmic drugs to be used to advantage according to the present invention are: other anti- 
infectives such as diethylcarbamazine. mebendazole, suiphamidics such as sulfacetamide, sulfadiazine, 
sulfisoxazole: antivirals and antitumors such as iododeoxyuridine, adenine arabinoside. trifluorothymidine, 
acyclovir, ethyldeoxyuridine, bromovinyldeoxyuridine. 5-iodo*5'-amino-2\5'-dideoxyuridine; steroid anti-in- 

25 flammatories. such as dexamethasone. hydrocortisone, prednisolone, fiuorometholone. medrysone and 
possibly their esters, for example phosphoric acid esters; non steroid antiinflammatories such as in* 
domethacin. oxyphenbutazone. flurbiprofen; wound healers such as epidermal growth factor EOF; local 
anesthetics, such as Benoxinate, proparacaine and possibly their salts; cholinergic agonist drugs such as 
pilocarpine, methacholine. carbamylchoiine. acectidine. physostigmine, neostigmine, demecarium and possi- 

30 bly their salts; cholinergic blocker drugs such as atropine and its salts; adrenergic agonist drugs such as 
noradrenaline, adrenalin, naphazoline. methoxamine and possibly their salts; adrenergic blocker drugs such 
as propanolol. timolol, pindolol, bupranolot, atenolol, metoproiol. oxprenolol. practolol. butoxamine. sotaiol. 
butadrin, labetalol and possibly their salts. 

Examples of active substances to be used on their own or in association among themselves with other 

35 active principles in dermatology are: therapeutic agents such as anti-infective agents, antibiotics, an- 
timicrobials, antiinflammatories, cytostatics, cytotoxics, antivirals. anesthetics, and preventive agents, such 
as sun shields, deodorants, antiseptics and disinfectants. 

From the examples quoted for ophthalmology and dermatology, it is reasonable to assume by analogy 
which are the medicaments according to the present invention suitable for use in the various fields of 

40 medicine, such as for example otolaryngology, gynecology, angiulogy, neurology or any other type of 
pathology of the internal organs which may be treated by local topical applications, for example by rectal 
action, It is of course possible to prepare associations of therapeutically active substances with the new 
derivatives according to the present invention, suitable for parenteral administration. In the latter case, to 
obtain aqueous solutions for injection, hyaluronic derivatives with a low level of cross-linking and/or 

4$ esteriftcation should be chosen. Derivatives which are only slightly, or not at all soluble in water, can be 
used to make associations containing the active substances for administration in solutions of organic 
substances, for example oily solutions. 

The medicaments of the type described here for topical use may be in solid form, such as freeze-dried 
powders containing only the two components as a mixture or separately. Such solid form medicaments, on 

so contact with the epithelium to be treated, form more or less concentrated solutions according to the nature 
of the particular epithelium having the same characteristics as the solutions previously prepared in vitro and 
which represent another particularly interesting aspect of the present invention. Such solutions are 
preferably in distilled water or sterile saline and contain prefereably no other pharmaceutical vehicle besides 
the hyaluronic ester or one of its salts. The concentrations of such solutions may also vary within wide 

55 limits, for example between 0.01 and 75% both for each of the of the two components taken separately, and 
for their mixtures or salts. Particular preference is given to solutions with pronounced elastic viscous 
properties, for example with a content of between 10% and 90% of the medicament or of each of its 
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Of me medicaments of the invention it i« „ , 9 M V8h,c,e ° r 

bas,c substance itself. Thus for exa^l ?H. U,at,n9 m « " u a™ity of poiyLc^ $ *" th a basic active 
« too high, tne excess of freTac?^, " 8Cidity °' a *»« of a iJ.iES^?' " Sa,,s «« « the 

i^ 5 fP^^^^^ i2 ^ 

Po'vhydric alcohols in * «*am P ,e for treatmem ?£?S2 " m9,h0<ls « se " 

exchanger,. 0 r with an etherZ,« 7 Cf ^'y^ 8 - Su <* as strono ^L/ ° n ' C ac * above 
- '"organic or organic base^A^L^ ^ t0 introdu <» the S2d aXT ° r i£ 

especial* the esters of J^SZ*? 0 ^ « * Possible to u« thS ' ^ 1,16 pres *"« of 
a M haiogenide. such as methliTo^l a0dS ~ ° rQanic Su "°*c LST suS "T? * ,iteralu '*- «* as 

base, i, is possible to use foTe^ ?* "** 38 dioxane » a^ s E fi bU, a ' S0 08 e «*«ed in 
oxide of s,.ver or a ^slZZTS L**"** * - a/kai^e-eSX^!^ di ^V.suffoxide. As a 
awteed base, such as pyridine meta,S ' sucn « carbona e an^ ^ metal » magnesium or 

" Another esterificatio/ methc* tSZ ^ * *• «*» 1^°^ 8 ^ 

ammonium or ammonium subStl * meta ' 831,8 or salts with danger may be used, 

but any other Za T^Zl f ^ Z^T^?"*" *™P'e 

formamide or dimethy, TSLSSZ^T^ °' in ' erio ' sfT y ' SU,,0xide *- above a.l 

between about 0- and 100* £ TT'^ The reactio " * effected t M d,me,n y' or *ethy. 

used. These quaternary J m ? at ° mS - As a « r « choice. tetraS *' a ' M Qr0ups hav, "9 ■ 

Preferably one of thoS n^T ^ m 83,18 <*" spared by TSi ?n ' Um h y a,ur0 "ate shouid be 
S u«onic resin ^ « £3m £? "* ° f hya ' Ur ° nic ac,d 

^b.r.^^^ 1 ^^^ ammonium base. T^SJS^^^ 
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One variation of the previously specifted 

* used, for example SZ^ZS^Z**"* ^-J^^^^n!^?' 

combs. The preparation of such 2?? ZZZJH T 0atUra ' ■ tartn 9 ma, «' ia 's- tor examole from 

' ""Portant as starting 'material^ L S{egmann ' John Wi, ey & Son S N Y 81903 J?** '* USe 
«W ™>.0O0. On. too*, conS^it^^.™*'"" "* 8W " ^STSiSE 

3? sr. r^Ssaraias-;: 

ZTe ne "* ^ PfeParat,0n °' **** ' raCti ° nS iS ^*£»2S ^ 

'^^^^ Carb ° Xy P ™ ps -V be free or 

•«. those .n which the remaining carboxy arouos £ #,? cr °«-l.nked products are therefore obtained Tha 
groups are tota..y or partially J^^^2X < ^ d ' ,h0se * the remaining Srboxy 

£«. . whole range of products is availabie varyl in Zr nT'" 9 9r ° up * ™ y * turn be « 
he.r degree of acidity and viscc-e.astic p£t£?2 he^l?, T? Pr ° Pert ' eS 3 " d espec,a »* 
to be kept free may be important for the preparation * * ^ 9e ' S The numbe ' of acid groups 

Preparation of the salts of the new deZZTcan be ca T!" tS W,h 3 PartiCu,ar pK 
reactmg on the hyaluronic derivative the Saf^^. ° Ut in the known ma ""er, for example bv 

sa.ts of alkaline metals, such as iSiSSTlSSir^? ° f 3 ' ka,ine hydrates ,0f exampTeTr? as - c 
aqueous solutions of the hyaluron,clS va Tve and o? he ^' . P ° SS ' b,e ,0r examp ' e ,0 fi ' s < ^ 
so.ut.ons of their salts with suitable ionic •£J^^2T i ? 6,nB SUCh sub *™ces from the aqueous 
example between 0- and 20-; if the talt WoSS ST? ^ S ° ,Ut,0ns at a l0 " temperature , or 
ess soluble salts may be separated by SnSS? or 22? S °' Ub ' e ,n W3ter » is *«»■*•£. wh e £ 
the case of the organic bases, to be SSaTS SL „I " deCan,,n ° and possib| V then dned In 
obtained „ salts of Such nfw ^riva2ve S L ! cross - (i "^d derivatives, the medicament 

sto,ch,ometric quantit.es are added, or whether TreTa SrS^ *** °' baS,C accord,n ° » « 

Accord.ng to a particular asoeet m «,! ^ C de,ecl or exc «*s. 

type starting with the p££fi££ * 9 ^nd oossfo? ^ ,° ^ ™ dica ™" °< 'he above 
amorphous powders, which on contact S^thTe Ssue to be ™ anhydrous «* ^ 

solut,on of a gelatinous character, viscous coTsistencl ^ T*" C ° nSt,,U,e 3 co "=en,rated aqueous 
ma.nta.ned also a, stronger dilutions and iyT^^^ Prope ^ ^ qualities are 

Place °' tne a °ove anydrous salts, more or less 
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"» invention is illustrated h„ «. , h the ^ing product* a ~ 

specified polype ateoh( ? ( '° E ^' e » '-37 describing ^0^;°^^° a,Coh °'- Tai i 
^•c— mono hyanc ^ a " d number of carbox^ ^ E 

ana/or esterified with the 

6 21 g of t " y Cro «-«nked 

SOo ml of acetone are nana* «. 9 rt ,rom ,h ® outside with Z 

^ 10 0 24 mE P / 9 (theoretical: 0.25). y " ' s Possible to 

6J , ( """" 4 "<"»«"l y cr„ S5 . linkM 

S ~ ? - - - -O a 2S.C ,n 
"^corresponding to 1 \ZT *" * « ^ ° "8 "7 T d T* 9 " ^ a e 

bath o f Hj0 , ce 9 NaC, d,sso ( ved in ,00 m, 0 f distill* hJ X'coo,^ ^ to tf " '^9 
500 mi of acetone are added th« „ 9 * ' r ° m the 0utsi <* *»» ! 
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Example 3 - Preparation of hyaluronic acid mv\ ^ ., 

wrtt, ,. 3 propandio, «* ^ P*t,al.y esterified w,th ethanol and partial.y cross-linked 

6^1 g of tetrabutylammonium salt of HY mo 
ngourou*, amiw™. conditions in MnxLn J,™ 5" *™ "<**»«*«1 *> 2« ml a OMSO a, 3ST 

0.56-. w,w as ethane, mZSZFoSZfiEZ S 2 2?" ° f ^ « «■ « — - a content of 

with HCI 0.1 N using pheoniphthalein as indicator in 7h.« e excess is determined by titration 

content equa, to 0.61 mEq,g (theoretic* 0 eST ^ ^ * ' S P ° SSib,e t0 ^ermine a tota. ester glp 

Example 4 - Preparation of hyaluronic acid ihvi .. 

with 1-3 propandioi (HY > Verified with ethanol and partially cross-.inKed 

6.21 g of tetrabutylammonium salt of HY /in mP„i „ 
ngourous.y damp-free conditions, in nitroger > Z~Sl * S0,ubi,i «* in 2« ml of OMSO at 25'C under 

«*«^ -ashed 3 times with 100 m, of 

4^00 g of the compound featured in the "tie JTSSJT dried " 

w, h a„ excess quantjty of NaQH > Tma, e analysis is earned out by saponification 

J-JN «J0 Pheno,phtha,e,n as an indicator. ,, is thufpTssib^ t« IT* '* dete ™ ned «* Nation with HO 
0.735 mEq/g (theoretical 0.747) S poss,t5,e » determine a total ester group content of 

Example 5 - Preparation of hyaluronic acid ihvi 

w-th 1-3 propandioi ^ (HY) m * with ethanol and partially cross-linked 

621 g of tetrabutylammonium salt of HY nn m c> 

«*f^ *^ -shed 3 times with 10 0 m, of 

EtSoxt,°d? C ° mP0Und £ - V3CUUm dri6d - 

with an excess quantity of NaOH M™cT*% " ^ ° Ut * region 

0.1N us.ng phenolphthalem as an indicator It is thus ^iwl " de,ermined °y Oration win, HC . 

0.98 mEq/g (theoretical 0.995). "* P ° SS ' b ' e ,0 <*»""ine a total ester group content of 
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Scamp* 6 . Pr8paratjon Qf h 

^ t-3 propane < HY > P«-hr esterified with ethano , „ ^ ^ ^ 

•nM. corresponding to 2 mEo> and »^ * 5 hr at ^ 0.296 g of 1*3 rf.w, 9 6,hy ' ,odide are 

^r conversion 9 of J^^tlS? 8 "^ »• solution "* " 

solution are added 2 5 a at ZS?- tetrabut y |amf "onium carboxy aroLTL ° r 24 hr 

^ssssi l^HSt — — sr » - - - - - 

Ethoxyl determination is ca rri«H I . e 00ta,n ed. 

4.5% ^ „ ethano| j^W jJhB to me method of Cundiff et ai and * 
J* »an excess quantity of NaS. 0 f^a^cT ina, *» ' s iV2o2T" 8 °' 

0.1 N using phenolphthalein as or 30 min - T "e excess is dJ«, ^"""'cation reaction 

mEq/g (tiieore'ca. , ^ " » is Possible to aSS^JTST * tttrati ° n " i,h HCl 

« lotai ester group content of 

solution are added 2 5 a of ZS^ *******™H**m carboxy orot,^ ^ 24 hr ' 
a bath of HKD/icT " 9 °' NaC » * 100 m, of «* to the resulting 

500 ml 0 , ketone are added ma „ ' *° m the ° utside 

6-74% w,w as ethano. (theoreS * 2 STr** ,0 the method of Cundiff et a, and „ 
*"th an excess quantity of NaOH a ,m \ 6Ster arouD a "a'vsis is carried Sh °" S 3 con,ent of 

0-1N using phenoiphthale'n at 1 1 * S °" C ,or 30 The exces? s 1 saponi,i ««on react.on 
I* ".6* (theoretica, T*a? " " * thus * ^ 

lOTai ester 9 r oup content of 

^ hya ' Ur0n,C . aCid ^ — — - ethano, and partly c _ 

MSiS^ ,v - - — • - * 

corresponding J 2 mEq^d TT ** 15 hf « ^ 0 ^ 9 oM 3 d 2 9 " ^ are ad <^ 

solution are added 2 5 Z Z ,e,r abutylammonium carbo xv orounl ♦ hr 

a bath of Hrfte " 9 °' ^ d ' SSO,ved '00 ml of *J**!^TJTT ^ '° the r6Su,ti "9 

500 m. of acetone are add** * ^ me 0u,s,de 

acetone/H,0 5:1 and 3 tirru* ^w^T^ '* * fi,tra «on washed 3 , im 
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"Ml «M m. rolu «o„ „ to, , 5 „, 7 "cThjT^T, i 5 01 ,my ' ioaoe M «" (« 

Ethoxy. determination is carried out aceorrt.nn 
4.42% w,w as ethano. (theoretical". 5 2 2? °' * ^ 3nd ShOWS a cont™ of 

w-th an excess quantity of NaOH 0.1N a, Wc Z ^Z t^ " ^ &V Saponi,,catio " taction 
0.IN using pheno.phthaiein as an indicate ^« is Ls ^bL ,« " de,ermined titration with HC. 

1.96 mEg/g (theoretical: t.gg,. " P 088 *' 6 t0 determme a total ester group content of 

tt&ST*" ° f hya ' Uf0niC - < HY > «- * - ethano, and panially crossed 

mM) and me so.ution is agitatel fofTs 3^C 0 3 H T\ 1*2 9 °' i0di<3e * e add * (2 

— " «* 

so Iu tion are added 2.5 ^S^S^^^^ «*» •* to the resuming 
a bath of HK)/ice. 00 ml of d,st,,,ed «•»»• « -s cooled from the outside wrth 

4 f 02 g of the compound featured in *eZ™^ n ™ ^ 

«% ^^X^t^^^Z - C — « * - — • a -ent of 

with an excess quantity of NaOH 0.1N S IT * ° Ut by """"letton react,on 

0.1N using pheno.phtha.ein as an indicated It is L^-jZ jT,** '* de,ermined b * Nation with HC. 
0.97 mEq/g (theoretical: 0.99). P ° SS " 5le ,0 dete "™e a total ester group content of • 

^T^:; an ; d ;r at, ° n °' — < HY > ^ a »V -eri'ied ethano. and P artia.. y cross-.inxed 

aJutV^rt^ m. of OMSO a, 25 . C in 

mM, and the so.ution is ag.tate? for 15 hr at fl T\ . J 9 °' e,hy ' i0d ' de are added < 4 

acet^rr^^r;^^^^ — , ^ w. w „■ - 

3 95 g of the compound featured in the STJ^SS^ " ^ dri6d - 

with an excess quantity of NaOH 0 IN a, S-C S mT„ ^ V * Carried 0ut by sa P° ni «<:ation reaction 
0.1N using pheno.phtha.ein as an indicated "i, is 6X0688 ' 8 dete "" i "« d by titration with HC. 
141 mEq/g (theoretical: i 48) 8 P ° 88 ' b ' e t0 detwmi ne a tota. ester group content of 
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STIiV 2 * 0r9Mration <* hyaluronic acid (HY) ^ 

butanedio. ^ estenfied with ethano , ^ ^ ^ ^ 

ah Jf, 9 oi totra *>utylammonium salt of hv /m * 

solution are added 2 5 a nf L!?, ! tetrat)ut y'animonium carboxv om,,nI . 24 hr 

500 ml of acetone are added the ^ ,he ° Utside **? 

acetone/H* 5.1 and 3 ttnj^'^f^^ '* ^ated by filtration washed 3 

MB fl of the compound JZ^^S^J^T *" ^ ^ ^ °' 

Ethoxyl determination is carri^ „ . * e obta, "ed- 

6.69% w/w as ethano, (tneoreflcTI 2? ST*" 8 t0 ^ method " Cundiff e, a. « „ 
J* »an excess quantity of ^ ^7^ is «^ ™V££7 i 3 COn » nf °' 

0.1N us .ng phenolphthalein as an inZZ* » 30 min - The e *«ss is determ^J^ Ca,,on react »°" 
'•91 mEq/g (theoretical: 88 *» ,nd '«tOr. ft „ mus tQ by titration with HCI 

• 0tal ester 9raup content of 

STTiir - - ~ - « — — . _ „. _, y 

solution are added 2 S « w ?^ ® tetrab «tylammonium carboxv oro.,,*. . 24 nr 

Ethoxyf determination is carri^T I. 6 00tain «d- 

a-»e% w,w as ethano. 27 TTT"" 9 l ° *• * Cundiff et a, an* „ 

JJ. «n excess quantity of ^ O ^V^cT^ * « by^Sl? C ° n,em " 

0.1N using phenolphthalein a. an -1 C ,or 30 min - The excess is h«£!L- saponification reaction 

0-96 mEq/g (theoretical " * «■*" to tS^TS^l? ^ HC ' 

/ « loiai ester group content of 

ZX&Zr* " *— " - '"V, ^ „ ana e „ 
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500 m. of acetone are added th. « • ' ^ ° UtSide wi,h 

"5? s^SSS^its 3 - - » - - 

Ethoxyl determination is cam«H * e 00tain ®d- 

w/w a, ethanol (SL^ST! t^" 9 t0 me math <« o» Cundiff et a. ^ k 

with an excess quantityTS n \ » >- ^ SSter grou P "alysis is carried out h ° WS 3 COntent °' 

0 'N using phenolphthalein at h * 5 °" C ' 0r 30 The excL^s7ettl V Saponi,icati °" taction 

^ -EQ/g (t^eore'cT, , 4 r, ' ^ " " ^ ■» ^^TSJl?' ^ With H °' 

loiai oster 9roup content of 
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Example T5 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked 
with 1-6 hexanediol 

6.21 g of tafrabutytammonium salt of HY (10 mEq) are solubilized in 248 ml of OMSO at 25'C in 
5 absolutely dry conditions, in nrtrogen atmosphere and away from tight. 0.934 g of ethyl iodide are added (6 
mM) and the solution is agitated for 15 hr at 30°C. 0.244 g of 1-6 dibromohexane are added (1 mM, 
corresponding to 2 mEq) and after homogenization the solution is kept at 30 °C for 24 hr. 

For conversion of the residue tetrabutyiammonium carboxy groups into sodium salt, to the resulting 
solution are added 2.5 g of NaCl dissolved in 100 ml of distilled H?0, while it is cooled from the outside with 
w a bath of HjO/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 mi of 
acetone/HjO 5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
4.00 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et at: and shows a content of 
?5 6.68% w/w as ethanol (theoretical: 6.76). Total ester group analysis is carried out by saponification reaction 
with an excess quantity of NaOH 0.1 N at 50 # C for 30 min. The excess is determined by titration with HCt 
0.1N using phenolphthalein as an indicator. It is thus possible to determine a total ester group content of 
t.91 m£q/g (theoretical: 1.96). 

20 

Example 16 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked 
with 1-8 octanediol 

6.21 g of tetrabutyiammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25 - C in 
25 absolutely dry conditions, in nitrogen atmosphere and away from light. 0.078 g of ethyl iodide are added 
(0.5 mM) and the solution is agitated for 15 hr at 30*C. 0.068 g of 1-8 dibromooctane are added (0.25 mM. 
corresponding to 0.5 mEq) and after homogenization the solution is kept at 30* C for 24 hr. 

For conversion of the residue tetrabutyiammonium carboxy groups into sodium salt, to the resulting 
solution are added 2.5 g of NaCl dissolved in 100 ml of distilled HjO, while it is cooled from the outside with 
30- a bath of HsO/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of 
acetone/HjO 5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
3.99 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 
35 0.54% w/w as ethanol (theoretical: 0.571 ). Total ester group analysis is carried out by saponification reaction 
with an excess quantity of NaOH 0.1 N at 50°C for 30 min. The excess is determined by titration with HCl 
0.1 N using phenolphthalein as an indicator. It is thus possible to determine a total ester group content of 
0.23 mEq/g (theoretical: 0.25). 

40 

Example 17 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked 
with 1-8 octanediol 

6-21 g of tetrabutyiammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25 °C in 
45 absolutely dry conditions, in nitrogen atmosphere and away from light. 0.078 g of ethyl iodide are added 
(0.5 mM) and the solution is agitated for 15 hr at 30° C. 0.136 g of 1-8 dibromooctane are added (0.5 mM, 
corresponding to 1 mEq) and after homogenization the solution is kept at 30 °C for 24 hr. 

For conversion of the residue tetrabutyiammonium carboxy groups into sodium salt, to the resulting 
solution are added 2.5 g of NaCl dissolved in 100 ml of distilled H2O. while it is cooled from the outside with 
so a bath of HtQAcq. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of 
acetone/HrO 5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
3.97 g of the compound featured in the title are obtained, 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 
55 0.55% w/w as ethanol (theoretical: 0.569. Total ester group analysis is carried out by saponification reaction 
with an excess quantity of NaOH 0.1 N at 50*C for 30 min. The excess is determined by titration with HCI 
0.1 N using phenolphthalein as an indicator. It is thus possible to determine a total ester group content of 
0.35 mEq/g (theoretical: 0.37). 
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corresponding to 2 mEo) a fl ^ 15 hr at » # C 0.272 a 0 , , « H °/ 8 9 of etn y' iodide are added 

a oat, or *o2" " 9 °' N3C ' diSS0 '^ * '00 m , of d^S^T^ST ^ t0 "» ™«"9 
500 ml of acetone are added th. „ ■ ■ ,TOm ** 0u,side 

0.55-/. w^v as ethano. (theo^a 7ts£ t"™" 9 ,0 me ™»<* of Cundiff a, a( 

wrth an excess quantity rt S ^ J™ 9'°up ana/ysis s ca rrt d n f h*" Sh ° WS a c °"tent of 
0-iN using Phenoiphthate/n » «^ '° r 30 Th. > elcl ss ™ ™ V Saponifi «=ation reaction 

0-60 mEq/g (theoretic*: 0 ^ * * « h " I^Sn^??^ * titr3ti ° n " ith ^ 

j estef 9 r oup content of 

solution are added 2 s n «* J Z ,etraout y'ammonium carbox„ or 24 nr 

a bath of H^ice " 9 °' ^ diSSO '^ * '00 mf of oSSj^fSLT ^ ^ ,0 - 
500 m, of acetone are added the „ ^ ^ the 0utsi <* 

~s5££~=sxSSSz==- 

'•09% w/w a, etnano( ZJZ^T. ™ f co ' di "9 to the method of Cundiff et 

"«h an excess quantity oTES « ° ta ' ester 9«>up analysis is S" ! ^ 30(1 shows a contwit of 
O 'N using phenoipS,^^ ° n ' N « 5 °' C *» 30 mS, rS^e^l* 11 b * Unification reaction « 
0-70 m Eq ,g (theoretical o ^* * * thus to CeTr^ne TZ^ * **■ 

toiai ester group content of 

solution are added 2 s « m ^ tetrabutylammonium carboxv 0r 24 hr 

a bath of HK)/^ " 9 °' NaC ' diSS01 ^ * 'CO m. of d^^S.?."^ «*■ to the resuit.ng 
500 m, of acetone are added th* d ^ ,he ° u,s,de 

J05% as ethane, ST**^ ** me,hod of Cun diff et al an. k 

^ an excess quantity of NaOH o" it ! ™ ^ 6StGr group Wly*. is carried 2 J ^ Sh ° WS a conte ^ <« 
°™ -sing phenoipmnalein as an ^ '° ° 30 mift ' Th e excessT^m™ " 5apon(fic ^on reaction 
0 96 mHcg (theoretical 0 9 8 ) ^ " iS thUS to ^ n ^^ f y with HCI 

rotal ester g^up content of 
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Example 21 • Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked 
with 1-6 octanediol 

6.21 g of tetrabutyl*nmon*um satt of HY (10 mEq) are solubili2e<J in 248 ml of DMSO at 25*C in 
5 absolutely dry conditions, in nitrogen atmosphere and away from tight 0.624 g of ethyl iodide are added (4 
mM) and the solution is agrtated for 15 hr at 30 # C. 0.272 g of 1-8 dibromooctane are added (1 mM, 
corresponding to 2 mEq) and after homogenization the solution is kept at 30° C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting 
solution are added 2.5 g of NaCl dissolved in 100 ml of distilled H2O. while it is cooled from the outside with 
10 a bath of HzO/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of 
acetone/HjO 5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
3.99 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 
75 4.39% w/w as ethanol (theoretical: 4.49). Total ester group analysis is carried out by saponification reaction 
with an excess quantity of NaOH 0.1 N at 50 ft C for 30 min. The excess is determined by titration with HO 
0.1N using phenolphthaietn as an indicator, ft is thus possible to determine a total ester group content of 
1.43 m£q/g (theoretical: 1.46). 

20 

Example 22 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked 
with 1-8 octanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25 *C in 
25 absolutely dry conditions, in nitrogen atmosphere and away from light. 0.934 g of ethyl iodide are added (6 
mM) and the solution is agitated for 15 hr at 30*C. 0.272 g of 1-8 dibromooctane are added (1 mM, 
corresponding to 2 mEq) and after homogenization the solution is kept at 30*C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting 
solution are added 2.5 g of NaCl dissolved in 100 ml of distilled H3O, while it is cooled from the outside with 
30 a. bath of H^O/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of 
acetone/H20 5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
4 10 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et at. and shows a content of 
35 6.66% w/w as ethanol (theoretical: 6.72). Total ester group analysis is carried out by saponification reaction 
with an excess quantity of NaOH 0.1 N at 50°C for 30 mm. The excess is determined by titration with HCl 
0 0.1 N using phenolphthaiein as an indicator. It is thus possible to determine a total ester group content of 
1.89 mEq/g (theoretical: 1.94). 

40 

Example 23 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked 
with 1-8 octanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25 9 C in 
45 absolutely dry conditions, in nitrogen atmosphere and away from light. 1.170 g of ethyl iodide are added 
(7.5 mM) and the solution is agitated for 15 hr at 30°C. 0.272 g of 1-8 dibromooctane are added (1 mM. 
corresponding to 2 mEq) and after homogenization the solution is kept at 30 °C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting 
solution are added 2.5 g of NaCl dissolved in 100 ml of distilled HjO, while it is cooled from the outside with 
so a bath of HjO/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 mi of 
acetone/HbO 5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
4.03 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 
55 8.27% w/w as ethanol (theoretical: 8.38). Total ester group analysis is carried out by saponification reaction 
with an excess quantity of NaOH 0.1N at 50 °C for 30 min. The excess is determined by titration with HCl 
0.1 N using phenolphthaiein as an indicator. It is thus possible to determine a total ester group content of 
2.05 mEq/g (theoretical: 2.3). 
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Example 27 • Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked 
with 1-10 decanediot 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are soiubilized in 248 ml of DMSO at 25'C in 
s absolutely dry conditions, in nitrogen atmosphere and away from light. 0.934 g of ethyl iodide are added (6 
mM) and the solution is agitated for 15 hr at 30*C. 0.300 g of 1 -10 dibromodecane (1 mM. corresponding to 
2 mEq) and after homogenization the solution is kept at 30 *C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt to the resulting 
solution are added 2.5 g of NaCI dissolved in 100 ml of distilled H?0. while it is cooled from the outside with 
10 a bath of HjO/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of 
acetone/HjO 5:1 and 3 times with 100 ml of pure acetone* and then vacuum dried. 
4.12 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 
rs 6.5% w/w as ethanol (theoretical: 6.67). Total ester group analysis is carried out by saponification reaction 
with an excess quantity of NaOH 0.1 N at 50*C for 30 min. The excess is determined by titration with HCl 
0.1 N using phenolphthalein as an indicator. It is thus possible to determine a total ester group content of 
1.87 m£q/g (theoretical: 1.93). 

20 

Example 28 - Preparation of hyaluronic acid (HY) partially esterified with ethanol and partially cross-linked 
with o. o'-paraxylene diol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are soiubilized in 248 ml of DMSO at 25*C in 
25 absolutely dry conditions, in nitrogen atmosphere and away from light. 0.624 g of ethyl iodide are added (4 
mM) and the solution is agitated for 15 hr at 30 °C. 0.264 g of a. a'-dibromo-p-xylene are added (1 mM, 
corresponding to 2 mEq) and after homogenization the solution is kept at 30* for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting 
solution are added 2.5 g of NaCI dissolved in 100 ml of distilled HjO, white it is cooled from the outside with 
30 a bath of HjO/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of 
acetone/H^O 5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried, 
4.04 g of the compound featured in the title are obtained. 

Ethoxyl determination is carried out according to the method of Cundiff et al. and shows a content of 
35 4.4% p/p as ethanol (theoretical: 4.5). Total ester group analysis is carried out by saponification reaction 
with an excess quantity of NaOH 0.1 N at 50*C for 30 min. The excess is determined by titration with HCl 
0.1 N using phenolphthalein as an indicator. It is thus possible to determine a total ester group content of 
1.36 mEq/g (theoretical: 1.47). 

40 

Example 29 - Preparation of hyaluronic acid (HY) partially esterified with benzyl alcohol and partially cross- 
linked with 1 -8 octanediol 

6.21 g of tetrabutylammonium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25°C in 
45 absolutely dry conditions, in nitrogen atmosphere and away from light. 0.342 g of benzyl bromide are added 
(2 mM) and the solution is agitated for 15 hr at 30 °C. 0.272 g of dibromooctane are added (1 mM, 
corresponding to 2 mEq) and after homogenization the solution is kept at 30° C for 24 hr. 

For conversion of the residue tetrabutylammonium carboxy groups into sodium salt, to the resulting 
solution is added 2.5 g of NaCI dissolved in 100 ml of distilled H2O, while it is cooled from the outside with 
so a bath of H20/ice. 

500 ml of acetone are added, the precipitate is separated by filtration, washed 3 times with 100 ml of 
acetone/HjO 5:1 and 3 times with 100 ml of pure acetone, and then vacuum dried. 
4.15 g of the compound featured in the title are obtained. 

Total ester group analysis is carried out by saponification reaction with an excess quantity of NaOH 
55 0.1 N at 50° C for 30 min. The excess is determined by titration with HCl 0.1 N using phenolphthalein as an 
indicator, it is thus possible to determine a total ester group content of 0.93 mEq/g (theoretical: 0.95). 
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ExOTpie 30 . Preparation of hyaiuronic acid ^ 

solution are added P *; « m ~. tetrabut y'ammonium carbn™ r.™ 24 hr - 

a bat, of HK^ce " 9 °' ^ * '00 m , of d^^^"*-" ,o the resu(tino 

500 mi of acetone are added the 0 M * 0m ** 0uts,de 

l^B^^^^ =" 3 - - - - - 

mcq/ 9 (tneoretical: 0 95) 

For conversion of the nZZZTS* f after homo 9enization the to utfffi. v d,,od <>P'°Pane are 

solution are added 2 5 To, ,etrabut >" am '"onium carboxy Lrou^ 1, 901 * 30 * C '<* 24 

v "^c^Q (theoretical: 0 499) 

For converse of the reLL .Tf 2 3fter hom °9enization the solution i. ! d,, °d°P'opane are 
solution is added of s « « f t ,etrab uty'ammonium car b o*v „,„ S kept at 30 * c «* 24 hr 

w«h a bath S ZZe 2 : 5 * " * 'P0 m, c^^S^fSTJS Jf"" r * » ^ 

500 ml of acetone are added m* „ ■ ' fr ° m ,he outside 

~2 ~ wisest 


30 


35 


«0 


21 


0 265 116 


TO 


rs 


20 


500 ml of acetone are added, the precipitate is separated by filtration *«h«H <* »■ 
acetones., and 3 times w,th 100 m, of pure acetone, and ^ dr^ ' ^ ^ 100 m ' °' 

3.87 g of the compound featured in the title are obtained. 
Total ester group analysis is carried out by saponification ration ^ 
0.TN a. 50-C for 30 mm. The excess is ^mmZS^SZ ^0 0 ^^ T** * Na ° H 
—■or. K i, thus pes** to determine a total ester group ccmen^M^ 35 " 

Example 34 . Preparation of hya.uronic acid (HY) partially cross-«nked with 1-4 butanediol 

< 00 g of ow compound naturae ;nh«, n ootaineo 

Exampt. as . Praparation or hy„u,or,ic (HV) pan*,,, cro.Hinwa w,m 14 rwanwo, 

*Z , 9 , q) after hom °9*™zation the solution is kept at 30-C for 24 hr 

4.01 g of the compound featured in the title are obtained 
OnTwt^JTE? Cafried H° Ut bV Saponi,icatio " -th an excess quantity of NaOH 

Example 36 - Preparation of hyaluronic acid (HY) partial.y cross-linked with 1-8 octanediol 

-hJll 8 - 0 ' ,etrabu, y ,an,monium salt of HY (10 mEq) are solubilized in 248 ml of DMSO at 25 «C ,n 
absolutely dry conditions, in nitrogen atmosphere and away from lioht 0 370 J Tm 7 , 

iodide (1 mM) and the solution is agitated for 1 hr at 20'C 0 272a O fTLi^l 9 f tetrat)ut y ,ammon '" m 

corresoondina to 2 mFn» an n * ZZ V 1 9 of 1-8 dibromooctane are added (1 mM. 

v-o esponaing to z mEq) and after homogenization the solution is kept at 30'C for 24 hr 

4.02 g of the compound featured in the title are obtained 

» 0 wT^TJIo^Tt^ I" Carhed H 0U1 bV Saponi,ication rea <*°" -th an excess quantity of NaOH 
indicator * if Z S ™ hle ^ ' ?! ' S determmed b * ,itra «°" ™* HQ 0.1N using phenolphthalein as an 
-nd.cator. It .s thus poss.ble to determ.ne a total ester group content of 0.478 mEq/g (theoretical 0 490) 
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Example 37 - Preparation of hyaluronic acid (HY) Dartial , 

62lQ , ' ^^^"^-thL^.ecaned/o, 

and tne solution is aorta ed ?I?T * tm ° Spnere and away from light 0 36^,™° MS ° at 25 ' C if1 

0-.N « 50-C m r?" 9 ^" « »» »<»*«=*», »«,„ „ 

o mtq/g (theoreticaJ: 0.487). 
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TAPf,E 1 

PERCENTAGE COMPOSITION OF THE VARIOUS CROSS-LINKED PRODUCTS 


EXAMPLES Ho. 


Ko. OP ESTERI- 
FIED CARBOXTLS 
PER 100 WITH 


No. OF CROSS - 
LINKED CARBOXTLS 
PER 100 WITH . . . 


No, CAR30XZLS 
SALIFIZD WITH 
SODIUM PER 100 


1 5 / CH 3 -CH 2 - 

2 5 / CH 3 -CH 2 - 

3 5 / CH 3 -CH 2 - 

* 10 / CH 3 -CH 2 - 

5 20 / CH3-CH2- 

6 40 / CH3-CH2- 

7 60 / CH3-CH2- 

* 75 / CH3.CH2- 
9 40 / CH 3 -CH 2 - 

1° 20 / CH3-CH2- 

11 40 / CH 3 -CH 2 - 

12 60 / CH3-CH2- 

13 20 / CH3-CH2- 

14 40 / CH3-CH2- 

1 5 60 / CH3.CH2- 
l fi 5 / CH3-CH2- 
I 7 5 / CH3-CH2-- 
13 5 / CH3-CH2- 

19 10 / CH3-CH2- 

20 20 / CH3-CH2- 

21 40 / CH3-CH2- 

22 60 / CH3-CH2- 

23 75 / CH3-CH2- 

24 40 / CH3-CH2- 

25 20 / CH3-CH2- 
2 6 40 / CH3-CH2- 

27 ' 60 / CH3-CH2- 

28 40 / CH3-CH2- 

29 20 / 0-CH 2 - 

30 20 / 0-CH 2 - 


31 
32 
33 
34 
35 
36 
37 


5 / 


90 

10 / 

-<CH 2 ) 3 - 

85 

20 / 

-<ar 2 >3- 

75 

20 / 

-<CH 2 > 3 - 

70 

20 / 

-<CH 2 > 3 - 

60 

20 / 

-<CH 2 > 3 - 

40 

20 / 

-<CH 2 ) 3 - 

20 

20 / 

-<CH 2 > 3 - 

5 

40 / 

-<CH 2 ) 3 - 

20 

20 / 

-<CH 2 > 4 - 

60 

20 / 

-<CH 2 ) 4 - 

40 

20 / 

-<CH 2 ) 4 - 

20 

20 / 

-<CH 2 ) 6 - 

60 

20 / 

-(CH 2 ) 6 - 

40 

20 / 

-<CH 2 ) 6 - 

20 

5 / 

-<CH 2 > 8 - 

90 

10 / 

-(CH 2 ) 8 - 

85 

20 / 

-<CH 2 ) 3 . 

75 

20 / 

-(C3 2 ) 8 - 

70 

20 / 

-<C3 2 ) 8 - 

60 

20 / 

-<CH 2 > 8 - 

40 

20 / 

-<C3 2 ) 8 - 

20 

20 / 

-<C3 2 ) 8 - 

5 

40 / 

-(C3 2 ) 8 - 

20 

20 / 

-<C3 2 ) X0 - 

60 

20 / 

-<CH 2 > 10 - 

40 

20 / 

-(CH 2 ) 10 - 

20 

20 / 

-<CH 2 -0-CH 2 )- 

40 

20 / 

-<CH 2 ) 8 - 

60 

20 / 

-<CH 2 -0-CH 2 )- 

60 

20 / 

-<CH 2 ) 3 - 

30 

SO / 

-(CH 2 ) 3 - 

50 

80 / 

-(CH 2 ) 3 - 

20 

20 / 

-(CH 2 > 4 . 

80 

20 / 

-<CH 2 ) 6 - 

30 

20 / 

-<CH 2 > 8 - 

80 

20 / 

-<CH 2 ) 10 , 

80 
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Example 38 
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^ then centrifuged ^71?" ** rtoht deo '«» of^m£t5 (ST* Ace,0ne extra «*0" is 

(60 gr) is added TJ a ? n ™T > ? ttemperatUT * °f 60-65-c. ThTwSoJ ? ydrocn, °" d e cysteine, i, is agitated 
chained. The ciTSS? I" ^ h °- 1? ^^° 2S ' C — C ««'«- 

""it of 30.000 to reta,n on L ° m ° leCU,ar "filtration on m£Z£l Z"* " m 3 c,ear is 

5 to 6 orig.na, volume? aTSTfT m ° ,eCutes a moSS^SjI 3 e * cl -on 
filtered. The addition Jl^^S^Z, C ° ntinuou *y a "*"g SeTS 6 r ZV* 000 - 
i* of the original. The residue ? * ™ * continued U Z«Z * produa «*"Q 

» temperature is brought to S-c i£ " br ° Ught to 0 lM *«h the aSo « V ° IUme is r6duc "» to 
agitated for 60 m,nu?es C „ "° der °f 60 rpm. 45 g olcetWo^ S ° diUm Ch ' 0ride a " d 

brought to 25'C and £T 9 °' Ce,ite * are a ^ed Undera 0 if a , ^ Um Cn ' 0ride *• added ft is 

suspended in a O.om J^TTE- by «SJ2T 

agitated for 60 minutes If?""" Ch ' 0ride (S Htres > "maL^sT "JS PreCiPtote °**"« * 

» Wtahing i, repeated 3 te ^^ is then brought toTs-C 12 2* y ' Pyr,diniu »" ehlorid.. „ is 

0.05M solution of sodium TwLT 3 " y "* is gaVe ec fin ^ * prec,pitate *s centrifuged. 

s « , ag,tated a?*rpmt SSTSi? C ° ma,n,n9 3 « a 

= a Sr c l^ 25- « for ^ heurs . ^ 

30 natant is discarded tZ "? °' cet y'PVi<*nium chloride T>» ™ !T * mes w,tn solutions of 0 1M 

cety^ridiniu^ ^0^2^ * 3 - ^^SET ^ ^ 

gathered. Extraction is rerJS * tUre ,S a 9 ita,< * and both th« . °" de con, aining 0.5% 

aqueous soiutioT 8 ' W * d 00 th « 3 more timTs «<TS ' the C,ear a '« 

Rna..y. the residue precipitate « „r US ' n9 M " * ,ne sa ™ 

The mixtu^ coo,^ to Ch ' 0ride is ^SSJS f*- iS br ° UQW to 

gathered by centrifugal^ TZ Se 31 25 ' C w,th 3 v °'^es S^x*"' COncaMr ««» 
scution in sodium ch.onde S ! , r L SUPernat3m '* disca ' ded - The pr^iS L I \ ^ pr&c ^» is 
gathered and washed fj« ^ S^T" " r9Pe3,ed ^ th 3 ^"S 0 95- ^ S0 'r^ ' '« °' 01M 
abscute acetone (3 timest ' * ethan °' 3 times - *m absolve e^'o.Sw ? e precipitate * 
The product thus obtained ,hva, 6S) ' and lastl V wi t" 

between 250.000 and SSS <HYALASTINE * HVALECT.N fractions, has rage mo(ec , 

9 m °' eCU,ar * 9,ah ' ° f 

Exdfnpls 39 - Math h * 

Without the addition of °L7 * ITT^ eXC ' USion ,imrt of 200.000 u!Z ^ * mo,ecu,ar "'tration 

molecular weight of over 20Q 0Q0 
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pass, while the smaller molecules pass through the membrane together with the water. During the filtration 
procedure no water is added on top of the membrane; so that the volume diminishes, and consequently the 
concentration of molecules with a molecular weight of over 200,000 increases. Ultrafiltration is continued 
until the volume on top of the membrane is reduced to 10% of the initial volume. Two volumes of 
5 apyrogenic distilled water are added and it is again uttrafiftered until the volume is reduced to 1/3 of the 
original. The operation is repeated twice more. The solution passed through the membrane is brought to 
0.1 M with sodium chloride and is then precipitated with 4 volumes of 95% ethanol. The precipitate is 
washed 3 times with 75% ethanol and then vacuum dried. 

The product thus obtained (HYALAST1NE fraction) has an average molecular weight of between 50.000 
iq and 100,000. 

The yield of HY is equal to 0.4% of the original starting fresh tissue. 


Example 40 - Method for obtaining the Hyalectin fraction 

75 

The concentrated solution gathered in the container on top of the ultrafiltration membrane with a 
molecular exclusion limit of 200,000 as in Example 39, is diluted with water until a solution containing 5 
mg/ml of hyaluronic acid is obtained, as determined by quantitative analysis based on the dosage of 
glucuronic acid. 

20 The solution is brought to 0.1 M in sodium chloride and then precipitated with 4 volumes of 95% 
ethanol. The precipitate is washed 3 times with 75% ethanol and then vacuum dried. 

The product thus obtained (HYALECTIN fraction) has a molecular weight of between 500.000 and 
730.000. This corresponds to a specific hyaluronic acid fraction with a molcular chain measuring between 
about 2.500 and 3,500 saccharide units and with a high degree of purity. The yield of HY is equal to 0.2% 

25 of original fresh starting tissue. 


Example 41 - Preparation of films of cross-linked derivatives of hyaluronic acid (HY) and partially esterified 
with various alcohols 

30 

The DMSO solutions, after addition of ail the ingredients and after homogenization obtained as in 
Examples 6*15. 19-30 and 37, are layered in glass dishes to the desired thickness and in an atmosphere of 
nitrogen, in absolutely dry conditions and away from light for 24 hr. 

The films of cross-linked and esterified hyaluronic derivatives thus obtained and in which are also present 
35 tetrabutylammonium carboxy groups are dialyzed first in NaCl 1% and then in distilled H2O at 4 4 C. the 
solutions being changed periodically. The films containing sodium salts of the above cross-linked deriva- 
tives are then placed between two cellophane membranes and vacuum dried at 37° in a slab dryer. 


40 Medical Products and Pharmaceutical Preparations 

The pharmaceutical preparations containing the new cross-linked derivatives of the present invention 
and their salts as active principle, both in the case of cross-linked derivatives possibly further esterified 
and/or satified with therapeutically active alcohols and intended for the same indications as HY itself, and in 

45 the case of esters with therapeutically active alcohols intended for use in indications corresponding to such 
alcohols, contain the common excipients and may be destined for oral, rectal, parenteral, subcutaneous, 
local, intradermal or topical use. They are therefore in solid or semisolid form, for example, pills, tablets, 
gelatinous capsules, capsules, suppositories, soft gelatin capsules. For parenteral and subcutaneous uses, it 
is possible to use forms intended for intramuscular or intradermal administration, or suitable for infusion or 

so intravenous injections. It is. therefore, possible to present active compounds as solutions or as freeze-dried 
powders active compounds to be pooled with one or more excipients or diluents which are pharmaceutical^ 
acceptable, and convenient for the above uses and with a type of osmolahty suitable for physiological 
liquids. For local use, preparations in spray form should be considered, for example nasal sprays, creams 
or ointments for topical use of plasters suitably prepared for intradermal administration. 

55 The preparations of the invention may be destined for administration to man or animal. They contain 
preferably between 0.01% and 10% of active component for solutions, sprays, ointments and creams and 
between 1% and 100% and preferably between 5% and 50% of the active compound for preparations in 
solid form. The dosage to be administered depends on the indication, on the desired effect and on the 
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th„ ! C ° Sme,ic art,c '« ^TowfCff ""PO"** as in the caseo, Tel Z* "* * due t0 the c 
those of hyaluronic acid, for examoZ ^ ' based on ****ncJ Zh^^"*"* acid °r «s salts 
anti-wrinkle or odoriferous sub^T sunshields Z^, PeC '* C actions "*ch d"ir from 
me present invention ^y agT^^'^ S c^ 9 " r< * e ""«in g substance oT 

The use of the above esters ,0, °S'cal factor and the respective 

One important application of *. ' Pronged release of the 

Completely new SU rg ical ^ sanj . ^. * 01 118 'or example inserts or 
new cross-linked derivatives oTfhf ^ 3rt,C,es a «ording , 0 the pr as *„, 

capable of being made'mo heet^T mVention £7£ h ** Rented by the 

follow.ng p urnSi or as suture £22! • *" * in in cas ~ of serioU da m f ^ threads 'or use ,n 

example ethy, alcohol (We InnJ ^ 8Ster is "« ««JL ^Jr™ Wh ' Ch Can 06 
Prepare the solution 0 £ hTaS V 3 S °' Vem »«" a "ot toe S bor 3 " PhatiC 
especially suitab)y heated n^l^n 'J in Moving £ solvent t^"' used » 

or ory-wet spinning. ^ S P">™9). It is also possible te W ' m 3 Current °' 

gas and 

or an mreat,S 0btai ™« «*h the new «*. ,• advantage the system 

Preparation of lints for use in «,» !L SS *'' nked Natives o' the ore*™ 

exceptional advantage of mj r k?* med,ca «on of wounds and in sura" °!J nvention ™Y be used for the 
en 2 ymes- split the ester J ,odeara *«ion in the organism , eieS? - USe °' Such «*» has he 
Present in the orgasm or rath"™" 0 ** " d in «• «^£n?l^ 6n2ymeS rt C0 ™"S- Th^ 
*»ve threads ma* h™*™*" «*mpouna^S^i ^ i" 3 co "PO-d a,re£ y 

-.adsorbed due tothe^^ 
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nuJ^JJ P'^f 0 " »"'t*y s^gical articles mentioned above, it is convenient to add 

plascmng matenais to enhance their mechanical characteristics, such as in case of threads to imar^t 
the* rebalance to tangling. These plasticizer, may be for examp.e a.ka»ine sa.ts of fatty S for eTamote 
softum stearat. or sodium paimitate. the esters of organic acids with many carbon atoms lie P 

5 r^^^rT 0lia ^r O L t ^ cr ° 8 »- ,inked derivatives of the present invention where their biodeo- 
radabte qualrt.es are utobzed by the esterases present in the organism, is represented by the pw^STl 
capsules for subcutaneous imputation of medicaments or of microcapsu.es for injection ,0^^,° ^ 
subcutaneous and intramuscular route. For the application of subcutaneous medicaments for Z re ea^I 
and consequently a "retard" action, capsules made of silicon material have been used until today Jth ^ 

a Z£ J. Cross - ,inked d «" vatives °f present invention mis dangeT no longer Tx*ts 

Of great importance also is the preparation of microcapsules containing the new cross-linked 0 , 
me present invention, avoiding the problems usual.y connected with thlir use. until now quite .Sd for the 

, 5 ^z^^jsis^ opens up a ^ - ™* — 

A further application of the new cross-linked derivatives of the present invention in the field of medicine 
T re r eSemed ° y me Potion of various solid inserts such such as plates discs 2ee« 

etc. substitute the metallic ones those containing synthetic plastic materia, currently Vn use In cases 
involv,ng inserts .mended for remova. after a certain .ength of time. Preparations containing anS co.laqen 
^"9 °' a P~.e.c nature, often provoke unp.easant reactions, such as inflammation or reje^T* Z 
of the new cross-l.nked derivatives of the present invention, even though they originate from animal and^ 

cZL «f Ur0n,C T da ° 9er ^ n0t exiSt Since is "o incompatibility betweenTe X™ 
cnandes of various animal species. H«»ya«c 

a for ™ e LTw S ^T**' ° f d6,eCtS and 108 ^^tation of soft tissues. A need has been felt 

a for some time for safe and eff.c.ent biomaterials with which to substitute soft tissues which have been 
"^^^ed. Many al.op.asty materials inc.uding paraffin, teflon paste, silicon and bo^ 
222£, h8Ve w been used t0 substituta ,or lo * «* tissue. However, these materials were associated w£ 
undesuable ^ Permanent changes in the skin tissue,, with migration in situ and with nega^reSior* 
Theneed pers,sts therefore for a versatile biomaterial for use in medicine. The new cross-Knked derives 
1 ZZ'T : nVent,0,! ^ 66 effeCtive,y used to «■ « such da '««s * the sofftissues such 

wrinS cS'by Se 818 " 9 irre9U,aritieS - M ° hS ' che ™ su '^ Crated .ip wounds and 

nr *^'!f '" C '" ded in , me aPP'^tions in the field of medicine and surgery of the new cross-linked derivatives 

3S °1 mJ^!? ,nvent,on : ** Preparations made of expansive material, especially in the form of sponges, for 

35 me medication of wounds or lesions of various nature. 
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«,J ZT\ °! M partal .«: ross - ,inkea ' of hyaluronic acid with an aliphatic polyhydric alcohol, and salts of 

? fS ,T , ,n0r9aniC W ° r9aniC baSeS ' W,th th8 pr0ViS0 that said ^"-linked ester is not the 
cross-linked ester of hyaluronic acid with an alomethyloxirane or a bisepoxy compound 

alcoho| Cr ° SS "" nked eStefS aCC ° rdin9 10 daim wherein said a,i P hatic Polyhydric alcohol is a dihydnc 

, c 3 -5 ross * linked esters according to claim 1. wherein said aliphatic polyhydric alcohol has between 2 and 
10 carbon atoms. 

4. Cross-linked esters according to claim 2. wherein said dihydric alcohol is a member selected from 

^v a 9 „T U K COnS,8tin9 of e,nylene Propylene glycol, butylene glycol, glycols derived from pentane. 

nexane. heptane and octane, and positional isomers thereof. 

M JLf? SS "' i ? ted SSterS accordina to claim 1. wherein said . aliphatic polyhydric alcohol is a member 
selected from the group consisting of glycerine, erythrite and pentaerythrite 

Cr0S!Hinked esters according to any one of claims 1-5. wherein at least one non-cross-linked 
carboxy group in said hyaluronic acid is esterified with an aliphatic alcohol having a maximum of 34 carbon 
atoms and wherein said aliphatic alcohol may be unsubstituted or substituted by one or two functional 
groups selected from the group consisting of amino, hydroxy, mercapto. aldehyde, keto. carboxy. hydrocar- 
* . ,hyd ™ carbyl ^"o Qrou P s - et her. ester, thioether. thioester. acetal. ketal. carbalkoxy. carbamidic 
and substituted-carbamidic groups substituted by one or two alkyl groups, the hydrocarbyl radicals in these 
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functionally modified groups havinn » 

7- Cross-linl^L^ „ «*> ™m the group consisting of oxygen 

res.due may be m.Sl^^t^ haS 8 "*««, of 4 JS? 1 2r B ° n ' V 006 ben * e "° 

'o which me chlT^^T^ 3 or hydro^ups o 2 h " Wh,ch 

consisting 0 f fre<H x mono ^ f iXTSSS^ * "» ^on^rZ^Z^L^ ^ 

9. Cross-iinKed esters acco/dl t0 T^"" a " d ^^ gZp" 9r ° up 

a^Z^c 2£~ £ * ^ ^p^^ one non-cross^ed 
'« 34 carbon atom, « ^2^^*"^ ^ * ""^SSS 221? J - ^***-"-* 
group consisting of amino S ° r Suostitu «* t>V one oT more , LSS? W * h 3 ma *^m 0 » 
bylamino group? etheT eL r ^ ° Xy ' merca P«>. aldehyoe Jeto . 9r ° UPS se,ect ^ from me 

carbamidic 9 ^,^ onT e or J^E •^TeSS ^£2'"-' nd 

group, having a maximum ° Tca^n P** "" h **^' «5SSTIi SL B T?L -nfl SUbstitu,ed 
20 h «*'°*oms chosen from the grou^" *T S> *" may ^ interrupted "2 'f^^'^'V modified 

18- A cosmetic article com,,,!. ereof a «0'<*ng 

'9. A sanit*,. medto „ »»~' according 

»■ * Hilary. mMcal „ •» « ■ M» MM acccrdno ,„ 

^-rsS'i~F 10 Mm ' 9 * - • — ~ 
- m rr^'z^TJ&z^ — .... m . 
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26. A process according to claim 25. wherein said salt of hyaluronic i. . 

and said reaction is conducted in the presence of a catalyzing Z^TlatLTZZ" ^ 83,1 

27. A process according to c*m 26. wherein s*d duate^ary Z£X2Z 22% ammonium 


iodide. 


-^szsrs^^ rotic so,vent * a • 

30. A process according to c.l ^.There^^^^ a,coho,. 

31. A process according to claim 29. wherein said l£2?SZ22?££ t * ^ a,C ° h °'- 
from the group consisting of ethylene alvcol ororwiJ!! f*' yva 8,11 alcoho1 18 a member selected 
pentane.hexane. heptane and <22ZfiSL2fi£? ^ ' s^**"* 9lyC01 ' 9 ' yco,s derived f ™ 

32. A process JccordiTg > ^ STTJ^' "JT"*' Bnd 
linked carboxy groups of said pa^,a. crLf-.inked eS", l'f T , Said ya ' Ur ° niC 3C,d 0r ,he 
ara/iphatic or cycloaliphatic alcoho? *yaluron,c acd are esterified with an a.iphat.c. 

Q^irSlS^^ir^ a ' COh0 ' — — - -.ross-.im.ted carboxy 

-VeTc^ ester hav.ng a, 

35. A process according to any one of dWmmaZZ -51 ^ T ma9nes,um ° f ammonium, 
fraction having an ^nJZT^^^TSi TlSfiZFZF V ^'"^ ^ 
hyaluronic ac,d having an average molecular we.ght oTiess t h an 3 0 000 ' S SUbStant,al, V ,fee - 
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